INSULATED EXHAUST MANIFOLD HAVING CERAMIC INNER LAYER THAT IS 
HIGHLY RESISTANT TO THERMAL CYCLING 

[0001] This application is a continuation-in-part of co-pending U.S. Patent Application Serial 
No. 10/008,828 filed December 7, 2001. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to an exhaust manifold, and more particularly to an 
insulated exhaust manifold for an internal combustion engine in a motor vehicle. 

Description of Related Art 
[0003] In existing automobiles, catalytic converters are principally responsible for abating 
harmful pollutants contained in engine exhaust, including CO, uncombusted hydrocarbons 
and NO x . The catalytic converter is typically located downstream of the exhaust manifold 
that conducts the exhaust gas from the engine. As a consequence, the exhaust gas can cool to 
some extent (via conduction to the manifold itself) before reaching the catalytic converter 
resulting in delayed "light off". Particularly in passenger automobiles, catalytic converters 
must reach a certain temperature before they light off. 

[0004] Light off occurs when the catalytic converter begins to convert harmful pollutants by 
oxidizing carbon monoxide and hydrocarbons to CO2, and reducing NO x to N2 and O2. It is 
important to minimize the time to light off once an automobile is started to minimize the 
amount of harmful pollutants emitted to the atmosphere. 

[0005] Catalytic converters are typically heated to light off by the high temperature engine 
exhaust gas itself. Unfortunately, the catalytic converter is normally mounted downstream of 
the exhaust manifold which conducts the heated exhaust gas from the engine. A typical 
exhaust manifold is made of metal, or substantially made of metal. Metal exhaust manifolds 
conduct and disperse thermal energy away from exhaust gas to the outside atmosphere. This 
loss in thermal energy reduces the exhaust gas temperature before it reaches the catalytic 
converter and delays light off. 

[0006] Various techniques for insulating exhaust manifolds and/or for providing other means 
to speed up light off have been suggested and attempted. Cast iron exhaust manifolds are 
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useful but heavy. Also, the mass (large thermal mass) of iron drains heat from the exhaust 
gas. Welded tubing exhaust manifolds have less mass, but are complicated and expensive. 
Double-walled welded tubing exhaust manifolds have been suggested, with an air gap 
between the walls, but the two walls have the same thickness and are both structural and such 
an exhaust manifold would be unreasonably complex to manufacture. 

[0007] U.S. Patent No. 5,419,127 teaches an exhaust manifold having inner and outer metal 
walls enclosing a layer of insulating material. Because the inner layer is metal, and has finite 
thermal mass, it conducts heat from the traveling exhaust gas thus delaying light off. In 
addition, the metal inner layer is subject to erosion or loss of integrity over time from thermal 
cycling. 

[0008] In order to achieve light off as soon as possible after starting an automobile, it would 
be desirable to limit or prevent heat loss from the traveling exhaust gas as it passes through 
the manifold. It would also be desirable to further abate noxious exhaust gas components 
even before catalytic converter light off by providing a catalyst in a more upstream position 
relative to the engine, e.g. in the manifold itself 

[0009] There is a need in the art for an exhaust manifold that substantially reduces the 
amount of heat conducted or convected away from the exhaust gas. Such an improved 
manifold will provide higher temperature exhaust gas to the catalytic converter, thus 
minimizing the time from engine start-up to light off. There is also a need for a mechanism 
to begin noxious exhaust gas abatement prior to catalytic converter light off, e.g., in the 
exhaust manifold itself. 

SUMMARY OF THE INVENTION 
[0010] An exhaust manifold is provided, having a ceramic inner layer having an inner wall 
surface defining an exhaust gas passageway of the manifold, a ceramic insulation layer 
disposed exterior to and adjacent the inner layer, and an outer structural layer disposed 
exterior to the insulation layer. The ceramic inner layer is a slip cast layer. 

[001 1] An exhaust manifold is provided, having a ceramic inner layer having an inner wall 
surface defining an exhaust gas passageway of the manifold, wherein the ceramic inner layer 
has a major amount of fused silica. 
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[0012] A method of making an exhaust manifold also is provided, including the steps of slip 
casting a ceramic inner layer of the manifold from a slip composition comprising a major 
amount of fused silica particles and no more than 5 weight percent fibers. 

[0013] An exhaust manifold is provided, having a ceramic inner layer defining an exhaust 
gas passageway of the manifold, wherein the ceramic inner layer is made from a material that 
is highly resistant to thermal shock from thermal cycling of the manifold between ambient 
temperature and 500°C, preferably 1000°C. 

[0014] An exhaust manifold is provided, having a ceramic inner layer defining an exhaust 
gas passageway of the manifold. The ceramic inner layer includes a catalyst effective to 
convert at least a portion of CO and NO x in an exhaust gas flowing through the exhaust gas 
passageway to CO2, and N 2 and O2 respectively. 

[0015] An exhaust manifold is provided, having a substantially ceramic integrated layer 
defining an exhaust gas passageway of the manifold, and an outer structural layer disposed 
exterior to the integrated layer. The integrated layer includes ceramic fibers and ceramic 
filler material, wherein the integrated layer has a radial porosity gradient such that localized 
porosity increases in an outward radial direction therein. 

[0016] A method of making an integrated layer is also provided, having the following steps: 
a) providing a plurality of aqueous slurries, each of which has a solids mixture of ceramic 
fibers and ceramic filler material, the slurries having incrementally increasing filler: fiber 
ratios; and b) vacuum forming the integrated layer by successively introducing the slurries 
into a vacuum formation process to provide an integrated layer having a radial porosity 
gradient. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] Fig. 1 is a top view of an exhaust manifold of the present invention for conducting 
exhaust gas away from one side of a typical V-6 engine. 

[0018] Fig. 2 is a cross-sectional view taken along line 2-2 in Fig. 1 showing an inner layer, 
insulation layer, strain isolation layer, and an outer structural layer according to a first 
preferred embodiment of the invention. 
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[0019] Fig. 3 is a cross-sectional view similar to Fig. 2 but showing an integrated insulation 
layer, strain isolation layer and outer structural layer according to a second preferred 
embodiment of the invention. 

[0020] Fig. 4 is a top view of an exhaust manifold similar to Fig. 1 , further provided with a 
catalyst support body in the outlet tube according to the invention. 

[0021] Fig. 5 shows experimental data for exhaust gas temperature and outer wall 
temperature for a straight engine exhaust manifold component having a ductile iron cast 
structural layer with a ceramic insulation layer for an engine speed of 3000 RPM. 

[0022] Fig. 6 shows experimental data similar to Fig. 5, except that the manifold component 
has no ceramic layer. 

[0023] Fig. 7 shows experimental data for exhaust gas temperature and outer wall 
temperature for a straight engine exhaust manifold component having an aluminum cast 
structural layer with a rigidized ceramic insulation layer for an engine speed of 2100 RPM. 

[0024] Fig. 8 shows experimental data similar to Fig. 7, except that the ceramic insulation 
layer was unrigidized. 

[0025] Fig. 9 shows experimental data similar to Fig. 7, except that the engine exhaust 
manifold component had no ceramic layer. 

[0026] Fig. 10 shows a pair of split-molded clamshell halves for a metallic outer structural 
layer for a manifold according to an embodiment of the invention. 

[0027] Fig. 1 1 shows a water cooled exhaust manifold according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0028] In the description that follows, when a range such as 5 to 25 (or 5-25) is given, this 
means preferably at least 5 and, separately and independently, preferably not more than 25. 
As used herein, localized porosity refers to the local porosity of a layer at a given radial 
distance from that layer's inner surface. Unless otherwise explicitly stated, localized 
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porosities are uniform for a given radial distance from the inner surface of a particular layer. 
The notation "wt.%" means percent by weight. 

[0029] The term ceramic includes any inorganic compound, typically (though not 
necessarily) crystalline, formed between a metallic (or semimetallic) element and a 
nonmetallic element, and mixtures thereof; for example, alumina (AI2O3), titania (Ti02) 5 and 
boron nitride (BN), where Al and Ti are metallic elements, B is semimetallic, and O and N 
are both nonmetallic. Ceramics also include mixtures of ceramic compounds; i.e. soda-lime- 
silica glass is a ceramic composed of sodium oxide, calcium oxide and silicon oxide. As used 
herein, a ceramic (such as a ceramic layer, ceramic fibers, ceramic filler material, or any 
other ceramic component or material) can be and is preferably substantially ceramic; i.e. 
preferably comprises at least 80, preferably at least 85, preferably at least 90, preferably at 
least 92, preferably at least 94, preferably at least 96, preferably at least 98, wt.% ceramics as 
described in the previous sentence, with the balance being additives and/or contaminants. 
Ceramics or ceramic materials include glasses, such as borosilicate glass, aluminosilicate 
glass, calcium aluminoborate glass, calcium aluminoborosilicate, and other known or 
conventional glass materials. Glasses are a special subclass of ceramic materials which have 
an amorphous structure. 

[0030] An exhaust manifold according to the invention has at least one inlet and at least one 
outlet. With reference to Fig. 1, an exhaust manifold 10 is shown having three inlets or 
runners 5, 6 and 7 and one collector or outlet tube 8. Preferably, runners 5, 6, and 7 have 
inlet flanges 14, 15 and 16 respectively for mounting to exhaust ports in the engine block, and 
outlet tube 8 preferably has an outlet flange 12 for mounting to the exhaust pipe of an exhaust 
system. The manifold pictured in Fig. 1 is configured to conduct exhaust gas away from one 
side of a typical V-6 internal combustion engine. Exhaust gas from each of three cylinders 
on one side of the engine (not shown) enters that cylinder's corresponding runner 5, 6 or 7 in 
the exhaust manifold and exits the manifold through outlet tube 8. The outer surfaces of the 
inlet flanges preferably define a plane of assembly for mounting the exhaust manifold 10 to 
the head of the internal combustion engine. The inlet flanges 14, 15, and 16, and outlet 
flange 12 are all preferably made from cast iron or steel. 

[0031] It will be understood that an invented manifold can be configured having, for 
example, 2, 4, 6, or any number of runners to accommodate engines having different numbers 
of cylinders (e.g. 4, 8, 12, etc.) and different configurations (e.g. in-line instead of V-oriented 
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cylinders). 



[0032] Referring to Fig. 2, manifold 10 is composed of multiple layers. Preferably, all the 
runners and the outlet tube have the same multiple layer construction. The manifold 10 has at 
least the following layers: inner layer 22, insulation layer 24, and outer structural layer (or 
outer layer) 28. Optionally and preferably, manifold 10 also has a strain isolation layer 26 
disposed between outer layer 28 and insulation layer 24. The compositions and physical 
characteristics of each of the above layers will now be described. 

[0033] Inner layer 22 defines an exhaust gas passageway 20 preferably having a diameter of 
1-2 inches for most motor vehicles, e.g., passenger automobiles. Inner layer 22 is a dense 
ceramic layer or glaze that provides a smooth, nonporous or substantially nonporous, 
thermally resistant inner wall surface 21 for contacting hot exhaust gas as it passes through 
the manifold 10. Preferably, the surface grain roughness at the inner wall surface 21 is less 
than 100 |am, 80 jam, 50 jam, or 30 pirn, and most preferably it is less than 10 \xm. The inner 
layer 22 is composed of ceramic fibers and a non- fibrous ceramic filler material. The 
ceramic filler material preferably fills the void or interstitial space between the fibers, and 
preferably coats the fibers. The ceramic fibers are preferably aluminosilicate fibers, less 
preferably silica fibers, less preferably alumina (such as Saffil from DuPont) or zirconia 
fibers, less preferably alumina-borosilicate fibers (such as Nextel from 3M), less preferably a 
mixture thereof. The above ranking of ceramic fibers is largely based on material cost and/or 
shrinkage under operating and processing conditions. (Aluminosilicate fibers are presently 
the most widely available ceramic fibers (and are less expensive than alumina or zirconia) 
that are suitable to withstand the temperature ranges for many exhaust manifolds, typically 
1600-1800°F). Any of the above fibers will perform adequately for most exhausts having a 
temperature of about 1600-1800°F (i.e. automobile exhausts). Silica can withstand exhaust 
temperatures up to about 2100°F, while the more expensive alumina and zirconia fibers can 
withstand exhaust temperatures up to 2300°F and beyond. These more expensive fibers 
should be used where necessary to withstand such high-temperature exhausts over a sustained 
time interval. 

[0034] The ceramic filler material in inner layer 22 is selected to be stable or substantially 
stable against oxidation in strong oxidizing environments up to 1600, 1800, 2000, 2100, or 
2300, °F, or greater, as the application requires. Material preference can be based on factors 
other than but not excluding performance. Such additional factors may include cost, ease of 
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fabrication or incorporation into a particular manufacturing scheme, and thermo-mechanical 
compatibility with other constituents. Preferred ceramic filler materials suitable to withstand 
oxidation up to 2100°F are alumina, mullite (aluminosilicate), silica, other metal oxides (e.g. 
titania, magnesia, or ceria), partially stabilized zirconia (PSZ), silicon carbide, silicon nitride, 
aluminum nitride, silicon boride, molybdenum disilicide, as well as borides, carbides, nitrides 
and oxides of refractory metals, and mixtures thereof Included in these materials is a glass 
or glass-ceramic frit constituting some of these components: alumina, silica, B2O3, P2O5, 
Ti02 and an alkaline earth oxide such as MgO, CaO or a mixture thereof. Less preferably, 
the ceramic filler material can include an alkaline oxide or transition metal oxide. Alkaline 
oxides and transition metal oxides may provide similar performance to alumina or silica filler 
materials in inner layer 22. Less preferably, the ceramic filler material in inner layer 22 is 
SiC, SiB4, SisN4, or a mixture thereof Such materials are even less preferred when the 
ceramic filler material in inner layer 22, particularly non- fibrous and crystalline ceramic, is in 
the sintered form. Less preferably, the ceramic filler material can be those glasses that may 
cause unacceptable dimensional changes in ceramic fibers, for example, when used in 
conjunction with silica or high silica fibers: glasses such as alkali containing calcium 
borosilicate glass, aluminosilicate glass, calcium aluminoborate glass, less preferably any 
other glass material capable of withstanding exhaust temperatures of 1200, preferably 1400, 
preferably 1600, preferably 1800, preferably 2100,°F. Less preferably, ceramic filler material 
in inner layer 22 can be any other highly refractive ceramic material known in the art. The 
ceramic filler material is preferably provided as a ceramic powder (preferably colloidal when 
used as an inorganic binder) which, once it is fired, preferably forms into and fills the spaces 
between, preferably coating, the ceramic fibers. The ceramic fibers can be short fibers, long 
fibers, or a mixture thereof Preferably, short fibers have a length of about 10-1000, 
preferably 20-100, pun, and long fibers have a length greater than 10,000 |am (10 mm). Both 
long and short fibers preferably have a diameter of 0. 1-20, preferably 0. 15-10, preferably 0.2- 
5, jam. Inner layer 22 is preferably 40-98, preferably 50-96, preferably 60-94, preferably 70- 
92, preferably 75-90, wt.% ceramic filler material, balance ceramic fibers. 

[0035] Alternatively, in a preferred embodiment, the inner layer 22 is composed of a major 
amount (preferably at least 60, 70, 80, 90, 95 or 99, weight percent) of fused silica filler 
material, which has an amorphous structure. This construction imparts substantially 
improved thermal stability to the inner layer 22 as will be more fully explained below. 
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[0036] Inner layer 22 preferably has a porosity less than 20%, preferably less than 15%, 
preferably less than about 10%, with the localized porosity at the inner wall surface 21 of 
inner layer 22 being near zero or substantially zero, preferably less than 5, preferably less 
than 3, preferably less than 1, percent. It is important to have a very low (near zero) localized 
porosity at the inner wall surface 21 in order to provide a gas-tight or substantially gas-tight 
exhaust gas passageway 20, and further to provide a highly smooth surface to minimize 
frictional losses and pressure drop across the manifold 10. Preferably, inner layer 22 has a 
thickness of 0.05-5, preferably 0.08-3, preferably 0.1-2, mm. 

[0037] The invented inner layer has low thermal conductivity and thermal difflxsivity 
compared to metal. In addition, it is backed up by a similar highly insulating layer 24 as 
shown in Fig. 2, or integrated layer 23 as shown in Fig. 3 and described below. 
Consequently, the passing exhaust gas in passageway 20 will retain a greater proportion of its 
thermal energy rather than conducting/convecting it to the outer layers as heat. 

[0038] Insulation layer 24 is also a ceramic layer, and is composed of ceramic fibers and a 
non- fibrous (preferably colloidal) ceramic filler material similarly to inner layer 22. The 
ceramic fibers and filler material in insulation layer 24 can be the same materials as described 
above for inner layer 22, except they are combined in different ratios. As can be seen in Fig. 
2, insulation layer 24 is preferably disposed exterior to and adjacent, preferably in direct 
contact with, the inner layer 22. Preferably, the ceramic fibers in layer 24 are alumina fibers, 
or aluminosilicate (or boroaluminosilicate) fibers of sufficiently high alumina content, 
preferably 40-99, more preferably 50-90, more preferably 55-80, most preferably 60-75, 
wt.% alumina. High alumina content enables the insulation layer 24 to resist shrinkage at 
high temperature. Alternatively, high purity silica fibers may be used if the manifold 10 is to 
be used with lower temperature exhausts such that the resulting shrinkage of insulation layer 
24 is not greater than 0.5%. Insulation layer 24 preferably has a porosity of 20-95, preferably 
40-90, preferably 60-90, preferably 70-90, preferably about 75-85, percent. This high 
porosity is achieved by decreasing the ratio of ceramic filler material to fibers compared to 
inner layer 22. 

[0039] It is possible to use ceramic filler material having a high level of microporosity, 
thereby increasing the thermal resistance. For example, silica in the form of silica aerogel 
particles, can be used to fill interfiber spaces to improve insulating characteristics of the 
insulation layer 24. The insulation layer is preferably 1-35, preferably 4-30, preferably 6-25, 
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preferably 8-20, preferably about 10-15, wt.% ceramic filler material, balance ceramic fibers. 
Less preferably, insulation layer 24 could be substantially 100 wt.% ceramic fibers with no 
filler material. Insulation layer 24 preferably has a thickness of 1-40, preferably 2-30, 
preferably 2-20, mm. 

[0040] Insulation layer 24 is preferably rigidized to promote dimensional stability and 
erosion resistance. Rigidization is preferably achieved with one of the following rigidizers: 
colloidal silica or silica precursor, colloidal alumina or alumina precursor, finely divided 
glass frit, or a mixture thereof. Where one of the above (or another) rigidizer is used as the 
ceramic filler material in layer 24, no additional rigidizer should be required. Where a non- 
rigidizer is used as the ceramic filler material, layer 24 preferably also contains 1-15, 
preferably 3-12, preferably 4-10, preferably 5-8, preferably about 6, wt.% rigidizer. 

[0041] The invented, highly porous insulation layer 24 is effective to insulate the exhaust gas 
traveling through passageway 20 adjacent inner layer 22 such that the exhaust gas retains at 
least 75, preferably 80, preferably 90, percent of its initial thermal energy (or temperature) 
upon exiting the manifold 10. 

[0042] The strain isolation layer 26 is an optional layer, and is preferably disposed exterior to 
and adjacent, preferably coated on or in direct contact with, the outer wall surface of 
insulation layer 24. Strain isolation layer 26 is disposed between the insulation layer 24 and 
the outer layer 28. Strain isolation layer 26 is a very thin layer, preferably 0.05-2, more 
preferably 0. 1-0.5, mm thick, and is preferably made of ceramic fibers and/or ceramic filler 
material. Preferably, strain isolation layer 26 is composed of the same or similar ceramic 
fibers as inner and insulation layers 22 and 24. However, the ceramic filler material in 
isolation layer 26 is chosen to be metal resistant; i.e. to resist seepage of molten metal during 
application or casting of outer structural layer 28 which is preferably a metal layer as will be 
described. The preferred metal resistant ceramic filler material in strain isolation layer 26 
depends on the metal used for outer layer 28. If outer layer 28 is a ferrous metal layer (i.e. 
steel), then zirconia, alumina, boron nitride, zircon (zirconium silicate ZrSiC>4), or a mixture 
thereof is the preferred ceramic filler material for layer 26. If aluminum or an aluminum 
alloy is used for outer layer 28, then the preferred ceramic filler material for isolation layer 26 
is alumina, boron nitride, calcium aluminoborate glass, calcium aluminoborosilicate, calcium 
aluminate cement or a mixture thereof. When boron nitride is used (preferably with a ferrous 
metal outer layer 28), the boron nitride is preferably applied via spray coating, dipping, or 



9 



other similar means. Boron nitride is preferably applied as a slurry of boron nitride and a 
liquid such as water, preferably having ceramic fibers as described above dispersed therein. 
Strain isolation layer 26 preferably has 70-99, preferably 80-90, wt.% ceramic fibers, balance 
filler material. When boron nitride, zircon, alumina and mixtures containing them are used 
for the isolation layer, ceramic fibers may not be required but are preferred. Layer 26 is a 
compliant layer and is not rigidized. 

[0043] Alternatively and preferably, the strain isolation layer is provided in the form of an 
intumescent mat. The intumescent mat is composed of ceramic fibers, an expandable 
material, and a binder material, wherein the basic construction is that of a highly porous, 
compliant, resilient, and spongy fibrous mat. The binder is present in an amount effective to 
bind the ceramic fibers together in the mat construction to provide a coherent fibrous mat. 
Suitable binder materials include organic binders such as methyl cellulose ether, less 
preferably starch, less preferably polyvinyl acetate or polyvinyl butyrol, less preferably 
another known organic binder, less preferably a mixture thereof Less preferably the binder 
can be a mixture of organic and inorganic binders. The expandable material preferably is in 
the form of embedded particles of vermiculite, perlite, or combinations thereof, which are 
dispersed throughout the fibrous mat. Vermiculite is a naturally occurring mineral, a member 
of the phyllosilicate group. Perlite is a naturally occurring siliceous rock or volcanic glass. 
The distinguishing characteristic of each of these materials is that each exhibits the unique 
property of expanding many (i.e. 4-20) times on heating. Preferably, the intumescent mat 
has the following composition by weight: 20-60, preferably 25-50, preferably 30-45 weight 
percent ceramic fibers, 35-75, preferably 40-65, preferably 45-60 weight percent vermiculite 
or perlite (or combination) particles, balance ceramic filler and/or organic binder. The binder 
has the effect of constraining the fibers in their resting orientation or state, resulting in the 
intumescent mat being resilient (or rebounding) following external compression or expansion 
of the mat. Conversely, the vermiculite particles expand in volume on being heated, and the 
expansion of the dispersed vermiculite particles tends to cause the intumescent mat to expand 
in a corresponding manner on heating. The result of these competing effects is a compliant, 
resilient intumescent mat that expands on heating, and contracts or rebounds substantially 
back to its initial state (unexpanded or substantially unexpanded) on cooling. The 
expanding/rebounding property of the intumescent mat will be maintained so long as the mat 
is not heated above the temperature at which the organic binder is baked off Once this 
temperature (referred to as the crossover temperature) has been reached, the binder is 
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depleted from the mat and the force tending to constrain the expansion of the ceramic fibers 
is removed. Therefore, above the crossover temperature the intumescent mat irreversibly 
expands from the heat-induced expansion of the dispersed vermiculite (or perlite) particles; 
on cooling the mat will no longer contract to its initial state because the contracting/binding 
influence of the organic binder material has been removed. Therefore, it will be understood 
that once the intumescent mat has been cycled once above the crossover temperature, it will 
no longer rebound from an expanded state. 

[0044] On the other hand, if the crossover temperature is likely to be exceeded (e.g. during 
operation of the manifold 10) then the thickness of the intumescent mat should be adjusted so 
that after binder burn-off and consequent expansion of the vermiculite, the inner layer 22 is 
subjected to a modest compression so that it will not be damaged. Under these conditions, if 
the metallic outer layer 28 expands relative to ceramic inner layer 22, expansion of the 
intumescent mat is accommodated by the expanded outer layer 28 resulting in reduced 
compression at the inner layer 22. It is very important to select the temperature (the reference 
temperature) at which the metallic outer layer 28 and the ceramic inner layer 22 are 
assembled, and their relative expansion coefficients. By judicious selection of materials and 
adjusting effective expansion coefficients, thermal mismatch can be reduced. For example, a 
cast manifold undergoes a large temperature excursion during fabrication (as determined by 
the melting point of the metal) and hence there is a greater likelihood of 
expansion/contraction mismatch once the cast outer layer 28 cools. On the other hand, if the 
outer layer 28 is provided as an assembly of two split-molded or clamshell molded halves 
assembled around the enclosed layers at or near room temperature, the outer layer 28 is less 
likely to exhibit so great a thermal mismatch with the inner layer 22. 

[0045] Therefore, when an intumescent mat is used for the strain isolation layer 26, its 
expansion-contraction properties and its thickness relative to (a) the gap between the 
concentric outer layer 28 and the ceramic insulation layer 24 and (b) the anticipated thermal 
excursions due to the fabrication process for the outer layer and the manifold operating 
conditions, should be taken into account in intumescent material selection. 

[0046] The intumescent (expansion-contraction) property of the intumescent mat is 
advantageous in the present invention because as the manifold heats up or cools down with 
respect to a reference temperature determined by the fabrication process, expansion of the 
metallic outer layer 28 and the ceramic inner and insulation layers (22 and 24) can be 
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mismatched such that they occur at different rates. The intumescent mat allows for and 
accommodates relatively large changes in the relative displacement of these layers by 
providing reversible expansion-contraction characteristics over a large fraction of the mat's 
original thickness. For example, a 2 mm thick intumescent mat layer 26 that exhibits a 50% 
reversible expansion on heating can fill the space between the outer layer 28 and insulation 
layer 24, and provide effective support even if the spacing between the layer 28 and zone 24 
varies from 1 to 3 mm thick due to thermal mismatch. 

[0047] Layer 26 absorbs vibration from the engine as well as road harshness. Layer 26 also 
accommodates or dampens the unmatched thermal expansion characteristics of outer layer 28 
and insulation layer 24. Because layer 28 is preferably made of metal, and layer 24 is 
substantially ceramic, outer layer 28 has a much higher coefficient of thermal expansion than 
insulation layer 24 (typically about or at least twice as high). Consequently, the expansion 
and contraction of outer layer 28 (due to thermal cycling) would likely cause the ceramic 
insulation layer 24 to fracture in the absence of a compliant strain isolation layer 26. 

[0048] As indicated above, outer layer 28 is a structural layer and is preferably made from 
metal. Preferably, layer 28 is a metal-containing layer or a metal composite layer. Metal- 
containing materials and metal composites are generally known in the art. Preferably, a metal 
composite layer contains ceramic filler material such as SiC, alumina, or a mixture thereof. 
Outer layer 28 is preferably disposed exterior to and adjacent the strain isolation layer 26 if 
present. Less preferably, in the absence of a strain isolation layer, outer layer 28 is disposed 
exterior to and adjacent the insulation layer 24. An outer metal layer provides mechanical 
and impact strength, and ensures gas-tightness of the invented exhaust manifold. Preferably, 
outer layer 28 is made of a ferrous metal, preferably cast ferrous metal or metal alloy such as 
steel. Less preferably, outer layer 28 is made from aluminum, less preferably any other 
suitable metal or metal alloy known in the art. Aluminum conserves weight, but is subject to 
creeping under stress from an applied load. This is why a ferrous metal (such as steel) outer 
layer 28 is preferred. However, aluminum can still be used and may be preferred if steps are 
taken to avoid excess loading of the manifold to maintain stresses below the creep threshold, 
i.e. with brackets to support the manifold. Preferably, outer layer 28 is 1-25, preferably 2-20, 
preferably 5-15, mm thick. 

[0049] An invented exhaust manifold having ceramic inner, insulation and strain isolation 
layers (22, 24 and 26 respectively) and a metal outer layer 28 is preferably made as follows. 
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Insulation layer 24 is preferably made first via conventional vacuum forming techniques from 
a premixed slurry. The slurry contains ceramic fibers and ceramic filler material as above 
described in the proper weight percent proportions for the desired insulation layer, and is 
preferably an aqueous slurry having about 1-2 wt.% total solids. The layer materials are 
combined on a dry solids basis according to the proportions and weight percents as described 
above for the insulation layer. These components together make up the total solids in the 
slurry. Preferably, the ceramic fibers are provided as clumps of material and not in mats or 
sheets. Once formed, the insulation layer 24 is fired as conventionally known in the art to 
provide a finished insulation layer. During firing, the ceramic filler material softens or melts 
and preferably substantially uniformly fills the void space between the ceramic fibers, 
preferably coating the ceramic fibers or partially sintering and bonding the fibers together. It 
may be necessary to subject the formed layers to uniform compaction prior to firing to ensure 
the desired layer density and surface smoothness. This can be achieved via compression 
molding or a dry bag isostatic pressing technique known in the art. 

[0050] Inner layer 22 and strain isolation layer 26 can be subsequently deposited (or coated) 
onto the finished insulation layer 24 via spray coating, pyrolysis, dipping, or other known 
technique using a slurry specially prepared for each respective layer. A complex manifold 
may require fabricating two halves (e.g. via a split-mold technique known or conventional in 
the art) that are joined together by a suitable ceramic cement to form a complete manifold. 
Suitable cements are conventional in the art and may be obtained from the manufacturers of 
ceramic fiber or other suppliers of ceramic adhesives. It is also possible to use one of the 
ceramic frits, described earlier, as a cement. The entire assembly is once again fired to 
provide finished inner and strain isolation layers 22 and 26 respectively. The slurries for the 
inner and strain isolation layers 22 and 26 are also preferably aqueous slurries having 1-2 
wt.% solids. 

[0051] Preferably, inner layer 22 and insulation layer 24 are formed via a conventional 
vacuum forming technique with the inner layer 22 being deposited onto the inner surface of 
insulation layer 24. The combined inner and insulation layer structure or composite is then 
fired to provide finished inner and insulation layers 22 and 24. During firing, the ceramic 
filler material present in the inner and insulation layers 22 and 24 respectively preferably 
coats or binds the ceramic fibers present in that layer. This method is preferred to minimize 
the number of firings required to form the finished manifold, i.e. both the finished inner and 
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insulation layers 22 and 24 respectively are provided in the same firing. Preferably, strain 
isolation layer 26 is then applied to the outer surface of insulation layer 24 via a known 
technique and fired if necessary. If a boron nitride strain isolation layer is used, then no 
firing step is necessary and the layer is finished by simply allowing it to dry. Outer layer 28 
is then formed or cast onto the outer surface of strain isolation layer 26 to form a finished 
manifold 10. A metal outer layer 28 is cast via a conventional technique. Alternatively to 
casting, the outer layer 28 can be provided as two clamshell halves that are assembled around 
and enclose the finished ceramic layers of the manifold as more fully explained below. Less 
preferably, outer layer 28 can be a nonmetallic structural layer (such as high density plastic) 
capable of withstanding shock and vibration due to road harshness and engine vibration. 

[0052] A preferred inner layer is formed on the inner surface of a formed insulation layer 24 
as follows. Colloidal or finely divided ceramic filler material such as SiB 4 , alumina, silicon 
carbide and/or glass-ceramic frit is combined with high purity aluminosilicate fibers (such as 
Fiberfrax HSA, or shorter shot-free fibers, from Unifrax, Inc.) in a 5: 1 ratio by weight (i.e. for 
S1B4 filler material: 83.3 wt.% SiB4 and 16.7 wt.% fibers) in water to make an aqueous slurry 
having 1-2 wt.% total solids. Silica sol (a conventional aqueous suspension of colloidal silica 
particles) is added slowly in a low intensity mixer to form a slurry having a viscosity of 
1,000-100,000 cP. This slurry is then poured into the cavity inside the finished insulation 
layer 24 which is rotated or swirled until the slurry evenly or substantially uniformly coats 
the interior wall surface of layer 24. Excess slurry is drained, and the resulting part is then* 
fired or heated to about 1000-1200°C at a ramp of 5-10°C/min in air, and held at that 
temperature for 0.5-1 hour. Once cooled, the part will have an insulation layer 24 with a 
preferred inner layer 22 according to the invention. If layer 24 is formed via a split mold 
technique, the two halves of layer 24 are preferably joined and set prior to applying the inner 
layer 22 as described above. 

[0053] Optionally, inner layer 22 and strain isolation layer 26 can be similarly comprised and 
may be applied simultaneously via spray coating, dipping, or other known techniques to the 
two halves of layer 24, joined by a suitable ceramic cement and assembled to complete the 
ceramic portion of the manifold. The resulting part is then fired as before to provide an 
exhaust manifold having finished inner, insulation and strain isolation layers 22, 24 and 26. 
This fired ceramic manifold has sufficient rigidity to be used as a ceramic core for metal 
casting. Outer metal layer 28 is thus provided to the ceramic core via conventional casting 
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techniques to provide the finished invented exhaust manifold. 

[0054] In another embodiment, an invented manifold can be made from an insulation layer 
24 which is formed using a moldable dough technique. First, ceramic fibers, ceramic filler 
material and a binder are combined with water in the following proportions to form a dough 
paste: 

a. Ceramic fibers: 10-30 wt.% 

b. Ceramic filler material: 5-15 wt.% 

c. Binder: 3-10 wt.% 

d. Water: BALANCE 

[0055] The binder is preferably an organic binder, such as methyl cellulose ether, less 
preferably starch, less preferably polyvinyl acetate or polyvinyl butyrol, less preferably 
another known organic binder, less preferably a mixture thereof. Less preferably the binder 
can be a mixture of organic and inorganic binders. The ceramic fibers and ceramic filler 
material can be the same as described above for the vacuum formed insulation layer 24. 

[0056] Once the above components are combined, the dough paste is mixed in a conventional 
mixer, for example a Hobart mixer, to form a moldable dough. This moldable dough is then 
pressed into an appropriate mold to form a shaped part, e.g. that of a desired exhaust 
manifold insulation layer. During this step, some of the water may be squeezed out. 
Preferably, heat is applied during this step (preferably to 40-100°C for several minutes, 
preferably less than 15 minutes) to cause the organic binder to gel, and to drive off excess 
water. Next, the shaped part is allowed to cool in air, and is once again heated, first 
preferably to 100-200°C for about 0.5-1 hour to remove water. It will be understood that the 
heating time and temperature during this step will depend upon the mass and thickness of the 
shaped part. Further heating of the shaped part is conducted to drive off or evaporate residual 
organics and water, allowing inorganic binders to bond fibers and to form the finished 
insulation layer 24. The part is heated in the temperature range of 200-1200°C at about 2- 
10°C/min. and held at temperature for about Vi hour to 1 hour, again depending on the mass 
and thickness of the shaped part. After heating, the part is allowed to cool. Once the 
insulation layer 24 is finished, the inner, strain isolation and outer layers 22, 26 and 28 can be 
applied thereto similarly as described above for a vacuum formed insulation layer 24 to 
produce the exhaust manifold 10. 
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[0057] In a further and highly preferred embodiment of the invention, the inner layer 22 is 
made by itself first, via a slip casting technique. In this embodiment, the inner layer 22 is slip 
cast in the appropriate configuration for the desired manifold; i.e. having the appropriate 
piping configuration, number and placement of runners, etc. Slip casting techniques are very 
well known in the art and will not be described further here, except to describe the preferred 
slip casting composition and the resultant inner layer. The preferred slip casting composition, 
also called "slip", is a fused silica-based slip composition, composed of at least 95, 
preferably 99, most preferably 100, weight percent colloidal particles and no more than 5, 
preferably 1, weight percent fibers. Most preferably, the slip composition contains no or 
substantially no fibers. This is because the presence of fibers tends to lower the porosity of 
the slip casting mold as the fibers aggregate and become concentrated adjacent the mold wall. 
The low amount of fibers in the slip composition does not present a problem for this 
embodiment because it is desired the inner layer 22 be as smooth as possible, and smoothness 
is better achieved with colloidal particles that can be tightly packed than with fibers which 
cannot be as tightly packed. A suitable fused silica slip composition is available from 
Industrial Ceramic Products, Marysville, Ohio. Fused silica has an amorphous structure 
which causes it to have a very low thermal expansion coefficient. The resulting slip cast 
inner layer 22 is composed of a major amount of fused silica, made largely from colloidal 
fused silica particles, preferably at least 60, preferably 70, preferably 80, preferably 90, 
preferably 95, preferably 99, weight percent fused silica particles, and has a very low 
expansion coefficient making it extremely resistant to cracking from thermal cycling of the 
manifold across relatively large temperature ranges. The slip cast inner layer 22 according to 
this embodiment, once fired, has been found by the inventors herein to be highly resistant to 
thermal shock and dimensional changes from thermal cycling at elevated temperatures (see 
Example 2 below), and to high velocity gases. Preferably, the inner layer 22 made from 
fused silica (or other amorphous material) as described is highly resistant to thermal shock 
from thermal cycling of the manifold between ambient temperature and 500, preferably 600, 
preferably 700, preferably 800, preferably 900, preferably 1000, degrees Celsius. Alternative 
slip compositions can include cordierite and/or aluminotitanate ceramics. 

[0058] Once the slip cast inner layer 22 has been formed and fired (preferably at about 
1000°C), it can be coated with a ceramic filler/fiber material composition for the ceramic 
insulation layer 24 and then retired (preferably at about 900°C) to form the finished 
insulation layer 24 over the inner layer 22. This composite then can be used as the core 
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member in a sand mold leaving a gap between the mold inner surface and the composite outer 
surface to accommodate a metallic layer, wherein molten metal is poured into the gap and 
allowed to cool to form the metallic outer layer 28. Otherwise, the composite can be used to 
prepare the manifold 10 substantially according to the other methods already described, in 
terms of applying the strain isolation layer 26 and outer structural layer 28. 

[0059] Optionally, inner layer 22 and insulation layer 24 can be formed together as a single 
integrated layer 23 as shown in Fig. 3. Integrated layer 23 is composed of ceramic fibers and 
ceramic filler material as already described. In this embodiment, however, layer 23 has a 
radial porosity gradient such that the localized porosity increases in an outward radial 
direction from near zero (preferably less than 5, preferably less than 3, preferably less than 1, 
percent) at inner wall 21, to 20-95, preferably 60-90, preferably 80-85, percent at the outer 
surface of layer 23. Such an integrated layer 23 can be prepared by a vacuum formation 
technique whereby multiple slurries with incrementally increasing filler: fiber ratios are 
successively introduced to provide a layer 23 with a porosity gradient. Alternatively, a single 
slurry may be prepared using a filler material having a broad particle size distribution (i.e. 50- 
400 mesh, preferably 100-400 mesh). Without wishing to be bound by any particular theory, 
it is believed that during the evacuation step (vacuum being drawn from the inner surface), 
smaller diameter particles will be sucked a greater distance through the fiber matrix to form a 
tightly packed inner portion of layer 23 having a high or higher density and low or lower 
porosity. The larger diameter filler particles will not travel as far through the fiber matrix, 
and will result in a low or lower density, high or higher porosity region of layer 23 as one 
gets closer to its outer surface. 

[0060] Alternatively to being cast over the strain isolation layer 26 (or insulation layer 24) as 
described above, the metallic outer layer 28 can be prepared as two clamshell halves 50,51 
that are suitably joined, e.g. via bolting or otherwise fastening along split-line flanges 55 
provided extending adjacently around the open end perimeter of each of the outer layer 
clamshell halves 50,51 (see Fig. 10). Alternatively, the clamshell halves can be suitably 
joined by welding as known in the art. Prior to joining the outer layer clamshell halves, the 
strain isolation layer 26 (if present), insulation layer 24 and inner layer 22 are prepared as 
above-described and assembled together in the appropriate order, and placed within the 
volume of one of the clamshell halves such that the other clamshell half of the outer layer 28 
can be fit thereover, enclosing all the constituent layers to form the manifold 10. Then the 
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clamshell halves are suitably joined as described in this paragraph to provide the finished 
exhaust manifold 10. 

[0061] In a preferred embodiment, a catalyst is added to the inner layer 22, particularly at the 
inner wall surface 21 . The catalyst preferably belongs to a family of inorganic compounds, 
ABO x with O being oxygen. Preferably the catalyst has either a perovskite structure (with A 
being a rare earth element and an alkaline earth element, and B being a transition metal 
element), or a fluorite structure (with A being a rare earth element and B being Ce or Zr). 
For a perovskite catalyst, A is preferably La and Sr, and B is preferably Fe, Co or Mn, less 
preferably Ti, Ga, Cr, or Ni. For a fluorite catalyst, A is preferably a rare earth metal such as 
Gd or Y and less preferably alkaline earth metal such as Ca or Mg. In addition, other known 
catalysts, such as partially substituted BIM0O3 and Gd-doped CeCh can be used. Such a 
catalyst is preferably activated at a lower temperature than the platinum and palladium 
catalysts typical of most catalytic converters, and can begin to convert CO and NO x to CO2 
and N 2 and 0 2 during the period prior to light off after a vehicle is started. The catalyst is 
preferably provided as finely divided (preferably colloidal) particles, and can be added to the 
inner layer 22 slurry prior to coating the interior wall surface of insulation layer 24. If the 
inner layer 22 is slip cast, the catalyst particles can be added to the slip composition. 
Preferably, the catalyst particles are 0. 1-5, preferably 0.5-4, preferably 1-3, wt.% of the total 
solids in the inner layer. Less preferably, the catalyst particles can be provided on the inner 
wall surface 21 of the finished inner layer 22 via conventional means. 

[0062] In still a further preferred embodiment, referring to Fig. 4 the exhaust manifold 10 has 
a catalyst support body 30 provided within the exhaust gas passageway 20 of the manifold 10 
itself, most preferably within the outlet tube 8. Placement in the outlet tube 8 is preferred 
because this position is downstream from all three inlet tubes 5, 6 and 7, and consequently all 
of the exhaust gas passing through the manifold 10 must pass the catalyst support body 30. It 
will be understood that other manifold configurations are possible, for example having 
different numbers of inlet and/or outlet tubes, and in such configurations it would be 
preferred to have a catalyst support body 30 at least in all of the outlet tubes. As shown in 
Fig. 4, the diameter of the outlet tube 8 can be increased at the position of the support body 
30 relative to the remainder of the manifold 10. Such increased diameter is preferred to 
provide additional superficial mass flow area for the exhaust gas to thereby offset the 
pressure drop across the support body 30. 
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[0063] The catalyst support body 30 can have a honeycomb structure (e.g. similar to that 
employed in catalytic converters), or any other suitable structure (e.g. a brick or monolith 
structure) that allows flowing exhaust gas to pass therethrough and provides ample surface 
area for contacting the passing gas with a catalyst that is disposed on the surface of the 
support body 30. In a preferred embodiment, the catalyst support body 30 has a honeycomb 
structure as conventional in the art, having a plurality of channels that allow gases to pass 
therethrough in contact with the channel walls. The catalyst material is coated or disposed on 
these channel walls so that flowing gases are thereby contacted with the catalyst as they pass. 
The support body 30 preferably has a generally circular cross-section (i.e. cylindrical shape) 
so that it fits suitably within the outlet tube 8. Alternatively, the support body 30 has a cross- 
section substantially the same as or similar to that of the exhaust gas passageway 20 so that it 
can be provided snugly therein. 

[0064] A catalyst material is provided on the surface of the catalyst support body 30. The 
catalyst material can be any suitable catalyst material that is conventional or known in the art, 
preferably a platinum- or palladium-containing catalyst material, or other catalyst as further 
described herein. The catalyst material is provided on the surface of the catalyst support 
body 30 via known or conventional means and techniques. 

[0065] Preferably, a damping layer or ring 40 of material is provided between the catalyst 
support body 30 and the inner wall surface 21 of the outlet tube 8. The ring 40 is preferably 
made from a heat resistant compliant material to compensate for unmatched thermal 
expansion coefficients, if any, between the outer structural layer 28 which is preferably a 
metal layer, and the material of construction for the catalyst support body 30, preferably 
ceramic. Also, the ring 40 can be used to position the support body 30 within the manifold 
10 when it is disposed between the support body 30 and inner layer 22. The ring 40 
preferably is made from a compliant material that has a positive coefficient of thermal 
expansion (i.e. that expands at elevated temperature). 

[0066] In an alternate embodiment, the ring 40 can be positioned within the manifold wall 
between the inner layer 22 and outer structural layer 28 at a position in the manifold 10 
adjacent the catalyst support body 30. In this position the ring 40 preferably is made from a 
material that is resistant or impervious to molten metal so that it will not be damaged when 
casting the outer structural layer 28. 
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[0067] The catalyst-coated catalyst support body 30 begins the pollutant and noxious gas 
abatement process in the manifold 10 itself, prior to the exhaust gas reaching the catalytic 
converter. The manifold 10 can be provided with the catalyst support body 30 by itself, or in 
combination with catalyst material also being provided to the inner wall surface 21 of the 
inner layer 22 as described above. The result is a manifold that efficiently and effectively 
minimizes heat loss from the exhaust gas flowing therethrough, while simultaneously 
initiating catalytic conversion of pollutants to environmentally benign species. 

[0068] An invented exhaust manifold has at least the following advantages. Faster light off 
of the catalytic converter is achieved because the exhaust gas retains a greater proportion of 
its initial thermal energy upon entry into the catalytic converter. Also, because heat loss to 
the exhaust manifold is significantly reduced, lighter metal such as aluminum can be used in 
the manifold provided operational stresses to the manifold are minimized as described above. 
The need for heat shields may also be reduced or eliminated. In addition, the outer surface of 
the manifold (outer surface of the structural layer 28) is less heated from the exhaust gas 
flowing through the manifold; i.e. the invented manifold has a lower skin temperature than 
conventional exhaust manifolds, and can thus be more compactly arranged within the engine 
compartment. This, in turn, can result in faster light off at the catalytic converter because the 
catalytic converter can now be located in closer proximity to the engine. Further, an invented 
manifold resists erosion and corrosion because the ceramic inner layer 22 (or integrated layer 
23) effectively resists these effects. 

[0069] In all of the embodiments described above, it will be understood that all of the 
ceramic layers of a finished exhaust manifold can be made separately, as separate parts or 
layers. In that event, the separate ceramic parts or layers are preferably subsequently 
assembled as described above, or otherwise as is known or conventional in the art, prior to 
casting (or enclosing) a metal outer structural layer 28. 

[0070] In a still further embodiment of the invention, the manifold 1 0 is water cooled by 
means of a water cooling mechanism. The water cooling mechanism generally can be 
provided as a length of tubing 60 arranged in a helical configuration, wrapped around and in 
contact with the outer structural layer 28 of the finished manifold 10. (See Fig. 1 1). In 
operation, cooling water is passed through this tubing 60, which preferably is made of highly 
conductive (metal) material, to exchange and draw heat energy from the outer layer 28. 
Alternatively, the outer layer 28 itself can be provided having a helical fluid pathway 
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machined or molded in the wall thereof to accommodate the passage of cooling water which 
can be supplied, e.g., from a cooling water reservoir elsewhere in the automobile. As a 
further alternative, the tubing 60 can be provided in the insulation layer 24 prior to curing that 
layer so that the finished insulation layer has a helical cooling water pathway therein to 
accommodate the passage of cooling water in order to draw heat energy from the layer during 
operation of the manifold. The latter two alternatives may be less preferred due to the 
associated complexity and expense in making them compared to the first-described 
embodiment in this paragraph. As a still further alternative, a water cooling jacket as known 
in the art may be employed. Water cooling the manifold may desirable to lower the 
underhood temperature of an automobile employing a manifold according to the invention. 
The more heat energy absorbed and carried away by cooling water, the less is radiated to 
adjacent underhood components. It will be understood that other heat transfer fluids, in 
addition to or instead of water, also may be used; this embodiment is not to be limited in 
scope to using only water as the heat transfer fluid. 

[0071] The manifold according to the invention can be provided or manufactured as a stand- 
alone component that is designed to be fitted to the exhaust port of an engine block. 
Alternatively, the manifold can be provided integrally with the engine block, or partially 
integrated with the engine block. 

[0072] Further aspects of the invention will become clear through reference to the following 
examples, which are provided by way of illustration and not limitation. 

Examples: 

EXAMPLE 1 

[0073] Several pieces of vacuum formed ceramic fiber tubes were obtained from Fireline 
Inc., Youngstown, Ohio. These pieces were made from alumino-silicate fibers and came in 
two varieties. One set was rigidized by silica while the other was not. Dimensions were: OD 
= 51±2 mm, wall thickness = 6.5±1 and length = 254 mm. These ceramic fiber tubes were 
used to make sample lengths of an exhaust manifold component according to the invention as 
follows. The ceramic tubes were first calcined at a temperature of about 1000°C for 30 
minutes. Then the internal surfaces of the tubes were coated by a slurry of ceramic frit (Ferro 
frit 3225-3) and water, and then fired at 1000°C for 30 minutes in air to provide a ceramic 
inner layer. Firing was performed by heating at a rate of 5°C/min. After firing, the samples 
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were cooled rapidly at a rate of 5-10°C/hour to 300°C and then removed from the furnace. 
Next, the samples were sprayed with BN paint and. used as ceramic cores for casting an outer 
metal layer thereover. Typically, the metal casting layers had a wall thickness of about 8-9 
mm. As can be seen, the resulting samples included a ceramic inner layer defining an 
exhaust gas passageway, a ceramic insulation layer disposed exterior to and adjacent the 
inner layer, a boron nitride strain isolation layer disposed exterior to and adjacent the ceramic 
insulation layer, and a metallic outer structural layer disposed exterior to and adjacent the 
boron nitride layer. Thus, each of the above samples was a sample length of the insulated 
exhaust manifold according to an embodiment of the invention. The metallic cast outer 
structural layers provided flanges for attaching the sample manifold lengths to the exhaust 
port of an automotive engine. Two types of metals, ductile iron and aluminum, were used for 
evaluating metal clad ceramic manifold lengths. 

[0074] A set of control samples was also prepared. The control samples comprised only a 
metal cast layer without any ceramic core or ceramic layers. For the control samples, the 
metal castings were substantially the same as those used for the outer structural layers of the 
corresponding sample manifold lengths described in the preceding paragraph. 

[0075] All metal castings were provided by Columbiana Foundry, a commercial foundry of 
Columbiana, Ohio, and by Prof. John Wallace of Case Western Reserve University, 
Cleveland, Ohio. 

[0076] The sample manifold lengths and the control samples were mounted on an 
automotive engine. The performance of the ceramic manifold lengths according to the 
invention was compared with the corresponding control samples having equivalent metal cast 
layers but no ceramic cores. Tests were conducted to compare the performance between the 
invented sample manifold lengths and the control samples. Two temperature measurements 
were taken for each sample at a point halfway between the inlet and the outlet of the sample: 
one temperature measurement was taken within the exhaust gas passageway to measure the 
exhaust gas temperature, and a second temperature measurement was taken at the outer metal 
surface. 

[0077] Experimental results are given in Figs 5-9. The temperature versus time data 
displayed in Figs. 5-9 show that the sample manifold lengths according to the invention 
(having a ceramic insulation layer) resulted in a significant decrease in outer wall 
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temperature, and a corresponding increase in the exhaust gas temperature within the gas 
passageway. Specifically, Figs. 5 and 6 list data for a straight exhaust manifold component 
having a ductile iron cast structural layer, with and without a ceramic insulation layer 
respectively. From these figures, at 30 seconds the outer wall temperature for the ductile iron 
control sample (no ceramic layer) was about 900°F, while the sample manifold length having 
a ceramic layer according to the invention exhibited an outer surface temperature of only 
300-3 50°F. Correspondingly, the invented ductile iron sample manifold length had an 
exhaust gas temperature of more than 1600°F after 30 seconds, compared to only about 
1300°F for the ductile iron control sample. This represents about a 60-66% decrease in outer 
surface temperature and a 20-25% increase in exhaust gas temperature for the invented 
manifold compared to a ductile iron manifold having no ceramic layer. 

[0078] Figs. 7 and 8 show data for a straight exhaust manifold component having an 
aluminum cast structural layer with a ceramic insulation layer. Fig. 7 is for a rigidized 
ceramic layer and Fig. 8 is for an unrigidized ceramic layer. Figure 9 is similar to Figs. 7 and 
8, except that no ceramic layer is present. The aluminum control sample (Fig. 9) exhibited an 
outer surface temperature of about 650°F, whereas when a ceramic layer was included, the 
outer surface temperature was only about 300-350°F at 30 seconds (Figs. 7-8). This 
represents about a 50% decrease in manifold surface temperature when the insulation layer is 
included according to the invention. Also, the exhaust gas temperature for the invented 
samples was over 1200°F at 30 seconds, compared to just over 1 100°F for the control sample 
of Fig. 9. Rigidizing the ceramic layer (Fig. 7) resulted in higher exhaust gas temperature at 
30 seconds than the unrigidized layer (Fig. 8). 

[0079] After testing, all of the samples (invented samples and control samples) were 
examined for damage on the internal surface that defined the exhaust gas passageway. No 
changes could be detected in any of the samples. 

[0080] The examples demonstrate that the invented exhaust manifold results in the exhaust 
gas retaining a greater proportion of its thermal energy as it passes through the manifold. The 
result is faster light-off of the catalytic converter downstream, and lower skin temperature for 
the manifold itself. 

EXAMLE2 

[0081] A test was conducted on a slip cast piece of material made from the slip composition 
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described herein to determine the material's thermal cycling stability. The slip cast piece was 
made via a conventional slip casting technique using a slip composition consisting of 
substantially 100 percent colloidal fused silica particles. Following slip casting, the 
greenware part was fired to harden it to form a finished slip cast test piece. The test piece 
was contacted to a metal piece on one face, leaving the other face of the test piece exposed. 
The exposed face was then heated by direct flame from an oxyacetylene torch to achieve a 
temperature at the exposed surface of 800°C. On reaching this temperature, the torch was 
removed and a jet of ambient air was impinged on the metal piece contacting the opposite 
surface to induce a sharp thermal gradient in the test piece, and to rapidly cool the test piece 
down to ambient temperature (25°C). This procedure was repeated at least 3 times, and each 
time the slip cast test piece was examined for signs of damage or cracking. Despite repeated 
large temperature gradients in the material, as well as repeated cycling between 25 °C and 
800°-1000°C, no signs of damage or cracking were detected; the slip cast ceramic test piece 
remained entirely intact. Such a broad range of thermal cycling resistance was a highly 
surprising and unexpected result. 

[0082] While the invention has been described with respect to several preferred 
embodiments, it will be understood that various changes or modifications can be made 
thereto without departing from the spirit and the scope of the appended claims. 
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